Abstract: Diet seasonality in South American sea lions, Otaria flavescens, was studied using 252 scats from a male-exclusive haul-out site located in Puerto Quequén (38º37'S, 58º50'W) Argentina during 2001. Prey species were identified from hard remains and their relative importance was assessed considering frequency of occurrence, abundance and biomass. The main prey consumed by sea lions were teleost fish (20 species), followed by cephalopods (four species) and crustaceans. The raneya, Raneya fluminensis, was the most frequent prey year-round, and the most abundant in autumn and winter. The Argentine anchovy, Engraulis anchoita, and the stripped weakfish, Cynoscion guatucupa, were the most abundant prey in spring and summer, respectively. Seasonal differences in the sizes consumed were only found for C. guatucupa. The sea lions from Puerto Quequén showed a diverse diet, mainly feeding on demersal and pelagic prey. Our study fills a geographical gap on the seasonal variation of the diet of South American sea lions. Two main patterns emerged from studies conducted along the geographic range of the species: (1) O. flavescens is a generalist and opportunist feeder, preying on a wide range of species; mainly those of pelagic and demersal habits, (2) South American sea lions change the frequency and/or specific composition of their diet seasonally, possibly as a result of changes in the relative availability of each species in the environment.
Introduction
The South American sea lion, Otaria flavescens, is widely distributed along the Atlantic and Pacific coasts of South America, from Torres in southern Brazil to Cape Horn in the extreme south of the Atlantic coastline, and from Cape Horn to Zorritos in northern Peru, in the Pacific (Vaz-Ferreira, 1982; Cappozzo, 2002) . On the Atlantic coast, there are two distinct areas with breeding activity: (1) along the coast of Uruguay at Isla de Lobos (35°02'S, 52°55'W), Cabo Polonio (34°24'S, 53°46'W), and La Coronilla (33°55'S, 53°30'W) (Vaz-Ferreira, 1982) , with an estimated total of 15,000 individuals; and (2) along the Patagonian coast, from Punta Bermeja (41°08'S, 63°04'W) to Tierra del Fuego (54°48'S, 65°15'W), in 31 colonies with a total of approximately 80,000 individuals (Reyes et al., 1999; Dans et al., 2004; Schiavini et al., 2004) . Fifty-two non-breeding colonies are also found in this Patagonian area. Between Uruguay and Patagonia, there is a gap of 1,000 kilometers that corresponds mainly to the coast of Buenos Aires province, where only two small male colonies are found at Mar del Plata (38°00'S, 57°33'W) and Quequén (38°32'S, 58°42'W) harbours (Rodriguez, 1996; Szapkievich et al., 1999) .
Otaria has no special conservation status at the IUCN (World Conservation Union) or CITES (Convention on International Trade in Endangered Species of Wild Flora and Fauna) and is considered a minor concern species. However, since Otaria populations face a critical situation almost throughout their range, the Government of Peru has proposed to include them in Appendix II of CITES (UNEP, 2002 4 ). Only in Argentina are their numbers increasing (Dans et al., 2004) . In Peru, the population declined from 144,000 to 28,000 during the 1997-98 El Niño event (Arias-Schreiber Rivas, 1998; Soto et al., 2004) . The Malvinas' (Falklands') population LAJAM 4(2): 163-174, July/December 2005 decreased from 380,000 around 1937 to less than 6,000 in 1965 (Thompson et al., 2005) . In Uruguay, the population has decreased at a rate of 6% per year (Páez, 1996 5 ). There are no systematic statistics for Chile (UNEP, 2002) .
The main threats for Otaria are direct killing by fishermen, potential competition with fisheries, and habitat destruction (Northridge, 1984; Wickens, 1995; UNEP, 2002) . Intentional killings are a main threat even as the species is protected in most countries. The main reasons are not only that the fishery industry perceives sea lions as competitors, but also because hunting can be a lucrative activity. The development of industrial fishing in South American seas endangers the pelagic resources upon which sea lions depend (Dans et al., 2003) .
Interactions between fishery and sea lions can be classified as direct or operational and indirect or ecological (biological) (Northridge, 1984; Wickens, 1995) . The first kind of interaction implies direct damages for both parts and has been studied in Argentina Crespo et al., 1994 Crespo et al., , 1997 . Sea lions may be killed or die accidentally entangled in the nets. Fisheries suffer net damages and partial harvest losses (Northridge, 1984; Crespo et al., 1994) . In ecological interactions, the use of the same resources (without interference) results in detriment to both parties. In this particular case, fisheries capture sea lion prey and sea lions may consume commercial target species.
There are two main types of research strategies to evaluate the two types of competition between sea lions and fisheries. A direct method is based on travelling on fishing boats and counting the number of fishes damaged or consumed by sea lions directly from the net (operational interaction) (Szteren and Páez, 2002) . Such method allows for the estimation of the economic loss in catches (commercial target species) or gear damage by sea lions (Northridge, 1984; . An indirect method consists in studying diet composition (from stomach contents and scats) and analyzing the degree of overlap between sea lion prey preferences and commercial species of fish and other marine species. Food habits studies offer valuable information about biological interactions between sea lions and fisheries (Harwood and Croxall, 1988; Daneri and Carlini, 1999; Koen Alonso et al., 2000 , Naya et al., 2002 Szteren et al., 2004) .
The diet of South American sea lions has been studied in south Brazil (Oliveira, 1995) , in Chile (GeorgeNascimento et al., 1985 , reviewed by Siefield, 1999 , in Uruguay (Szteren and Páez, 2002; Steren et al. 2004) , and in Patagonia, Argentina (Rivero et al., 1999 6 ; Koen Alonso et al., 2000) . South American sea lions feed on a wide variety of prey, mainly teleost fish, cephalopods, and crustaceans (Vaz-Ferreira, 1982; George-Nascimento et al., 1985; Koen Alonso et al., 2000, Trites and Soto, 2004 7 ), some of which are important to commercial fisheries (Daneri and Carlini, 1999; Koen Alonso et al., 2000 , Naya et al., 2002 Soto et al., 2004) .
The objectives of this study were: (1) report on the diet composition of sea lions in one of main fishery harbors of Argentina, (2) analyze the seasonal changes in prey utilization through scat analyses, and (3) compare the diet in this region with that of other areas of sea lion distribution.
Material and Methods

Study area
The present study was carried out in Puerto Quequén (38º 37'S, 58º 50'W) (Figure 1 ), Buenos Aires province, where a non-breeding rookery of Otaria flavescens males (mostly adults and sub-adults) exists. This rookery has a seasonal variation in number, between 86 and 180 individuals, with lower numbers during summer when some individuals move to the reproductive colonies in Uruguay and northern Patagonia, Argentina (Rodríguez, 1996; Pérez and Cappozzo, 2002 8 ; Rodriguez et al., in press) . A coastal fleet of around 20 vessels, employing a diverse set of fishing gears (e.g. bottom trawls, gillnet and midwater trawls), operates from this port. Fish otoliths and cephalopod beaks were used for prey identification by comparison with available catalogues (Torno, 1976; Volpedo, 1993; Volpedo and Echeverría, 2000) , published photographs (Brakoniecki, 1984; Pineda et al., 1996) and our own reference collections (Laboratorio de Ecología y Comportamiento de Mamíferos Marinos, Museo Argentino de Ciencias Naturales, Buenos Aires, Argentina). Identification to species level was made wherever possible. The relative importance of prey species in each season was evaluated using the index of relative importance (IRI) (Pinkas et al., 1971) , calculated as:
Methodology
where %FO is the percentage of scats containing an otolith or a beak of the species, the numerical abundance (%N) is calculated as the percentage of otoliths or beaks of each taxa within the total number of otoliths and beaks, and W % is the wet mass.
Sizes and weights of consumed prey were estimated for the main fish species using regressions between otolith and total length and between length and wet mass (Antúnez, 1983; Baldás, 1997; Koen Alonso et al., 2000) . In some cases, we assumed that regressions available for Patagonian species would be also applicable to northern ones. Only complete otoliths with little or no erosion were considered for this analysis.
Data were analyzed following Zar (1996) . Statistical tests used are given in the text. Seasonal differences in frequency of occurrence were tested by using the X 2 test and seasonal differences in length were evaluated using ANOVA test.
Results
Annual diet composition
Hard remains were found in 82% of all scats collected (207 of 252), and 24 prey species were identified (teleost fish and cephalopods) ( Table 1) . Fish remains (bones, eye lenses, scales and otoliths) occurred in 96.6 % (n = 199) of the scats containing hard remains. From 168 scats, 1,663 otoliths were recovered and 20 fish species identified (Table 1) .
Raneya fluminensis (raneya, a species of cusk eel) was the most abundant prey (n = 522; 30.4%), followed by Cynoscion guatucupa (striped weakfish) (n = 230), Engraulis anchoita (Argentine anchovy) (n = 222) and Trachurus lathami (horse mackerel) (n = 178); all together, these four species represented over 65% of the otoliths retrieved (Table 1 ). The reminder of the fish species were found in lower percentages (< 3.5% in number).
Raneya fluminensis occurred in 49.3% of the scats, followed by Trachurus lathami, Cynoscion guatucupa, Etropus longimanus (flounder), Pseudopercis semifasciata (Brazilian sandperch) and Engraulis anchoita (Table 1) .
Cephalopods (beaks and eye lenses) occurred in 17.8% of the total scats with hard remains, and were represented by two species of squid: Illex argentinus (Argentine shortfin squid) and Loligo sanpaulensis (South American long-fin squid), and two species of octopus: Eledone massyae (combed octopus) and Octopus tehuelchus (Tehuelche octopus) ( Table 1) .
Crustaceans appeared in 11% of the scats that presented hard remains. 
Seasonal diet composition
In autumn, 368 otoliths of 10 different species were collected from 43 scats. Raneya fluminensis was the most frequent fish prey, followed by Trachurus lathami, Cynoscion guatucupa and Umbrina canosai (Argentine croaker). The most abundant species was Raneya fluminensis, which together with Cynoscion guatucupa accounted for the 65% of all otoliths retrieved (see Table 2 ). R. fluminensis was the most important fish prey by reconstructed biomass (% IRI= 79.7) ( Table 2 ).
Six beaks were recovered from scats and all four cephalopod species were present. Octopus tehuelchus was the most frequently found cephalopod species.
In winter, 355 otoliths of 17 species were recovered from 45 of the 60 scats examined. R. fluminensis was again the most frequent and abundant prey and together with C. guatucupa and T. lathami accounted for more than 50% of the total otoliths. Thirteen beaks of cephalopods were recovered from 10 scats and the same four species were present. The most important fish species in this season was R. fluminensis (%IRI= 80.7). Illex argentinus was the most frequent and abundant within cephalopod prey in this season (Table 2 ).
In spring, 691 otoliths of 15 different species were retrieved from 51 of the 54 available scat samples. The three most frequent species were R. fluminensis, T. lathami and E. anchoita.
Engraulis anchoita was numerically the most important prey species, followed by R. fluminensis and T. lathami, which together accounted for more than 65% of the total otoliths retrieved. R. fluminensis was the most important prey by biomass (%IRI=51.9) together with E. anchoita (%IRI=39.2) ( Table 2) .
Thirty-two beaks were collected from 20 scats (FO = 37%) and all four cephalopod species were present. Loligo sanpaulensis was the most frequent species, appearing in 60% of the scats with cephalopods and accounting for 69% of the total number of beaks in this season.
In summer, 40 of 48 scats presented hard remains, 246 otoliths were retrieved from 29 scats and nine fish species identified. R. fluminensis was the most frequent species, followed in importance by C. guatucupa, Merluccius hubbsi and E. longimanus. C. guatucupa was the most abundant and important prey, followed by R. fluminensis (Table 2 ).
Seasonal differences in frequency of occurrence were found in T. lathami ( X 2 = 27.32 df = 3; p < 0.01), with the lowest values occurring during summer, and P. semifasciata ( X 2 = 12.72 df = 3; p < 0.01) with the highest frequency in spring. On the other hand, R. fluminensis and C. guatucupa did not present significant differences among seasons ( X 2 = 2.66 df = 3; p > 0.1 and X 2 = 4.58 df = 3; p > 0.1, respectively).
Fish sizes
Seasonal differences in length of the main fish species (i.e. those most abundant and present at least in two seasons) were calculated from otoliths with little or no erosion. Size frequency distributions of the main prey species are shown in Figures 2-5 . No significant differences were found for T. lathami (ANOVA, df = 2, P > 0.1) (Figure 2) or Raneya fluminensis (ANOVA, df = 3, P > 0.05) (Figure 3 ). Seasonal differences were found for C. guatucupa size classes (ANOVA, df = 3, P < 0.05) (Figure 4) , with the smallest fish being consumed in autumn. The mean length for E. anchoita was 147.7 ± 12.6mm in spring ( Figure 5 , Table 3 ).
Discussion
The present study shows that O. flavescens consumes a wide variety of species, with teleost fish being the most important type of prey (Raneya fluminensis was the most frequent and abundant), followed by cephalopods and crustaceans. The prey consumed were mainly pelagic and demersal, although benthic species were also found. Of the six cephalopod species cited for the province of Buenos Aires (Castellanos, 1970; Rios, 1994; Cousseau, 1997; Pastorino and Tamini, 2002) only the four most common were present within the total prey identified, Loligo sanpaulensis being the most frequent and abundant in the samples.
Diet analysis showed seasonal variation in some prey species both in number and in frequency of occurrence. This variation is associated with the migratory behavior of each prey and probably with oceanographic changes (water masses and associated zooplankton) (Boltovskoy, 1981) , which should determine prey availability in the environment where sea lions feed. Argentine anchovy remains were present in the diet of sea lions only in spring, when this specie migrates from north to south Buenos Aires province to reproduce (Cousseau and Perrota, 1998; Bezzi et al., 2000) . The frequency of occurrence of horse mackerel was significantly lower in summer, thus agreeing with a low abundance of this species in the bycatch (the unintended catch taken while targeting particular species) of the coastal boats of bottom trawls that operated in Puerto Quequén in 2001 (Tamini, 2001) . In spring, when the adult fish move to the coast to feed and to reproduce (Cousseau and Perrota, 1998) , a high number of remains of horse mackerel were present in the sea lion diet. The sea lions diet showed seasonal variation along a year sampling period (during 2001) and some differences were observed with other study conducted in the same area but five years earlier (Rivero et al., 1999) . Therefore, the differences in prey consumed by sea lions, even in animals from the same area, could be the result of variability in prey abundance and availability. The species composition of the diet of South American sea lions off Patagonia (Koen Alonso et al., 2000) is different from the one found in this work, although in both locations the fish consumed by males are of pelagic and demersal habits. The feeding behavior of sea lions seems opportunistic, as the prey species consumed differ according to their availability in each study region. A similar pattern was found in Chile, where the diet is also based on fishes and cephalopods. On the Chilean southern coast, sea lions tend to consume benthodemersal species of the gadiform (cod) group (GeorgeNascimento et al., 1985) . In northern Chile, coastal fish such as Engraulis ringens and Trachinotus paitensis prevailed (Siefield, 1999) . In Uruguay, the community of fishes is similar to that of Quequén, our study area; however, Uruguayan sea lions shared only 25% of the diet with the Otaria of Quequén, and they preferred Anchoa marinii, a prey species that constituted more than half of the summer diet (Naya et al., 2000) .
Potential sources of bias were considered in this study. Firstly, sea lions may consume filleted fish discarded from ports. However, as in Puerto Quequén fishermen do not fillet at port, diet estimations do not include any fish heads that the fishermen might have thrown away when filleting at port. Secondly, the use of eroded otoliths may underestimate the actual size of the specimens (Dellinger and Trillmich, 1988; Da Silva and Neilson, 1985) . Thirdly, the number of recovered otoliths may also be underestimated (Bowen, 2000) . Small otoliths, such as those from Engraulis anchoita, are affected by the erosive effects of the digestive substances of the stomach, not always being eliminated in scats. In addition, cephalopod beaks are resistant to erosion and are retained in the stomach being therefore underestimated when quantifying their number in scats (Bigg and Fawcett, 1985; Harvey and Antonelis, 1994) .
The use of scats is a common approach in pinniped dietary studies (Olesiuk et al., 1990 , Ochoa and Acuña 1995 , Daneri and Carlini 1999 , Naya et al. 2002 Szteren et al., 2004) . This technique has the advantage that samples are easy to collect and can be obtained in large numbers, without generating any stress to the individuals under study (Carey, 1992) . In addition, it is a good alternative for diet studies in small rookeries, where the probability of finding a dead animals is very low, as in the present study. Nevertheless, the disadvantages described above should all be considered.
Of the 20 teleost fish species present in the diet of O. flavescens in our study area, 43% are of commercial interest in Puerto Quequén. Of those, only two commercial species (E. anchoita and C. guatucupa) and two noncommercial species (R. fluminensis and T. lathami) were present in numerical abundance greater than 10%; the other species were present in abundance lower than 3.5%.
The impact of O. flavescens on fishery activities varies substantially with the different areas along their distribution (see Crespo, et al. 1994; Dans, et al. 2003) . In Chile, it has been estimated that O. flavescens caused the loss of 35% of the catches in the local artisanal fishery (Sielfeld, 1999) . In the Malvinas (Falkland) Islands, Thompson et al. (1998) found no overlap between fish consumed by South American sea lions and those catches landed by the fisheries. Similarly, in Uruguay little overlap was observed between the diet of pinnipeds and artisanal fishery catches (Szteren et al., 2004) . In Patagonia, a detailed study described an intermediate context of conflict between pinnipeds and fisheries (Koen Alonso et al., 2000) , indicating some overlap but not enough to conclude that competition existed with the fishery. In our study, sea lions showed some overlap with coastal fisheries (bottom trawl fishery) during summer. However, the use of different age classes of the same resource, at different times or spatial locations do not imply less intensity of the interaction (Szteren et al., 2004) .
In other areas of the world, sea lions have interacted with fisheries at various levels. In New Zealand, a fishery for squid (Nototodarus sloanii) incidentally catches threatened sea lion species, such as the New Zealand sea lion, Phocarctos hookeri. The bycatch is managed with an annual limit designed to ensure rebuilding of the sea lion population (Breen et al., 2003) .
Other studies, such as those conducted on the Steller sea lions, Eumetopias jubatus, in Alaska showed a strong positive correlation between diet diversity and sea lion decline in an area: as diet diversity decreased, populations decreased. This suggests that sea lions may require a variety of different prey, perhaps to buffer significant changes in abundance of any single prey (Merrick et al., 1997) . The availability of seasonallyabundant, energy-rich prey can be a significant factor for the survival and reproductive success of predator populations (Singler et al., 2004) . Higher survival rates of juveniles combined with increased available habitat for newly reproducing individuals could be the key of the recovery of South American sea lion in northern Patagonia. This process may lead to the occupancy of new areas for hauling out and breeding. This hypothesis could explain the higher rates of increase in pups in peripheral areas while reproductive rates remain unchanged (Dans et al., 2004) . Pup numbers have been increasing at the rate of 3.4% per year at the oldest rookeries, but the rate of increase was higher at new rookeries (Dans et al., 2004) . The non-reproductive rookeries such as Mar del Plata and Puerto Quequén could be a possible answer to these changes occurring in southern areas.
Our study fills a geographical gap of data on diet and interaction with fisheries of southern sea lions.
Together with other studies conducted along other areas of their geographical range, two main patterns emerge: (1) O. flavescens is a generalist and opportunist feeder, preying upon a wide range of species, mainly those of pelagic and demersal habits, (2) sea lions showed seasonality on their diet according to prey availability in the environment, (3) the main prey species were four teleost fishes (two the commercial interest and two non-important ones) and one cephalopod species, (4) One of the most important prey (C. guatucupa) and target species for coastal fisheries was consumed by sea lions on commercial sizes during summer.
